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STAPLER DESIGN AND 
STRICTURES AT THE 
ESOPHAGOGASTRIC 
ANASTOMOSIS 
An apparent reduction in the rate of benign anastomotic stricture after 
stapled esophagogastrectomy prompted us to review the results obtained 
with different stapling devices ince 1988. We present a retrospective r view 
of 125 eonsecutive patients undergoing esophageal resection for malignancy 
with stapled intrathoracic anastomoses. Benign anastomotic stricture was 
deemed present when a patient required endoscopic dilatation to treat 
postoperative dysphagia. We found no difference in risk factors not related 
to stapler size (tumor histologic haracteristics, adjuvant herapy) between 
patients with stricture and patients without stricture. Event-free survival 
was compared for different stapler diameters as weil as for different stapler 
designs. We found that staplers of smaller diameter were associated with 
signifieantly more strictures (p < 0.005). In a comparison of different 
designs of 25 mm stapler, the newer CDH device (Ethicon Ltd., Edinburgh, 
United Kingdom) was associated with a similar stricture rate to that 
associated with other designs (ILP [Ethicon] and EEA [Autosuture Com- 
pany Division, United States Surgical Corp., Norwalk, Conn.]). For a given 
stapler diameter, it appears that different stapler designs have no effect on 
stricture rate. (J TnORAC CAROIOVASC SURG 1996;111:142-6) 
R. G. Berrisford, BSc, ChM, FRCS, R. D. Page, MCh, FRCS, and 
R. J. Donnelly, FRCSEd, LiverpooI, England 
I t is now recognized that stapled and hand-sewn intrathoracic esophagogastric anastomoses carry 
equally low leakage rates. 1Benign anastomotic stric- 
tute is more common, however, after stapled anas- 
tomoses.1, 2 
This article evaluates the effect of stapler diame- 
ter and stapler design on development of anasto- 
motic strictures. In our previous series of intra- 
thoracic anastomoses made with EEA staplers 
(Auto Suture Company Division, United States 
Surgical Corp., Norwalk, Conn.), 3 benign anasto- 
motic stricture occurred in 9.5% of patients who 
underwent esophageal resection for cancer. Other 
authors report higher stricture rates of 20% to 
30%,1, 2, 4 but they do not quote separate rates for 
different stapler diameters. 1' 2 
We previously found that anastomotic narrowing 
was more common with staplers of smaller diame- 
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ter, but these differences were not statistically sig- 
nificant. Griffin and colleagues 4 have shown a sig- 
nificantly higher stricture rate with the EEA25 
stapler compared with the EEA28 according to )(2 
(p < 0.001). Because the number of patients at risk 
for stricture formation is not constant, event-free 
survival is a more appropriate means of comparing 
stricture rates among different groups. 
During the past 2 years, we initially noticed a 
reduction in incidence of anastomotic strictures 
coinciding with our use of the newly designed CDH 
stapler (Ethicon Ltd., Edinburgh, United Kingdom). 
This prompted us to review our stapled esophago- 
gastric anastomoses completed since 1988 with re- 
spect to event-free survival to investigate the effect 
of stapler design on anastomotic stricture formation. 
Methods  
The case notes of all patients undergoing esophagec- 
tomy for malignant disease since 1988 were reviewed 
retrospectively. Only patients who had stapled intratho- 
racic anastomoses were included in the study (n = 125). 
We excluded one patient who required cervical esopha- 
gostomy after resection of an ischernic stomach shortly 
after she underwent prirnary anastornosis. The study 
population cornprised 124 patients; rnean age was 63.7 
years, age fange was 35 to 85 years, and sex ratio (male to 
female) was 88:36. Tumor histologic classification was 
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Fig. 1. Kaplan-Meir event-free survival curves for patients with 21 mm and 28 or 29 mm anastomoses. The 
table shows the numbers of patients followed up with time. Log-rank analysis of the two survival curves 
yields p < 0.005. 
Table I. Anastomotic staplers and occurrence of  benign anastomotic stricture 
EEA ILP CDH 
Strictures Strictures Strictures 
n No. (%) n No. (%) n No. (%) 
21mm 1 0 0 8 4 57 - -  - -  - -  
25mm 7 2 29 44 11 27 24 3 14 
28"/29mm 17 0 0 13 2 17 7 0 0 
31"/33mm 2 0 0 1 0 0 - -  - -  - -  
Stricture rate (%) calculated after excluding in-h0spital deaths. 
*EEA used came i~~ 28 and 31 mm sizes, versus 29 and 33 mm for ILP and CDH devices. 
adenocarcin0ma in 73 patients (58.8%), squamous carci- 
noma in 49 patients (39.5%), and anaplastic carcinoma in 
two patients (1.7%). 
Whenever possible, we performed esophagectomy 
through a left thoracophrenotomy according to a tech- 
nique we have described elsewhere. 5' 6 The largest stapler 
that would comfortably fit into the esophageal lumen was 
chosen. A Purse-string suture was passed into the esoph- 
agu s through a reusable purse-string clamp, and stay 
sutures were inserted to provide traction on four quad- 
rants of the esophagus. We inserted the stapling instru- 
ment into the stomach t r0ugh a vertical gastrotomy and 
passed it into the proximal esophagus without previous 
dilatation. The anastomosis was checked externally and 
through the gastrotomy after the spent stapler was re- 
moved. Extra sutures of 3-0 Mersilene (Ethicon, Inc., 
Somerville, N.J.) were inserted into the anastomosis f 
necessary. Any problems encountered in making the 
anastomosis were recorded in the operation ote. 
Patients were followed up at the thoracic surgical 
outpatient clinic at 6 weeks, 3 months, and 6 months after 
operation and thereafter at 6-month intervals. Any patient 
reports of dysphagia were investigated with fiberoptic 
endoscopy. If a stricture was present, it was sampled for 
biopsy and ditatated with Maloney bougies. Further dila- 
tations were performed only if symptoms persisted. 
Patient data were collated with PATS software (Patient 
Analysis and Tracking System; Dendrite Medical Systems, 
London, United Kingdom). Patients who died in the 
hospital (<30 days after operation) or in whom anasto- 
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0 5 10 15 20 25 30 35 40 45 50 55 
Months 
30 days 6 months 1 year 2 years 3 years 4 years 
ILP21 8 7 6 5 4 2 
ILP25 41 37 25 15 13 5 
ILP29 33 29 22 9 6 3 
Fig. 2. Kaplan-Meier event-free survival curves for patients with anastomoses made with the ILP device. 
(21 mm, 25 mm, and 29 mm diameters). The table shows the numbers of patients in each group at 
follow-up. 
motic recurrence developed were excluded from calcula- 
tions of stricture rate and event-free survival. Kaplan- 
Meier event-free survival curves were plotted for each 
stapler group, with "dilatation for benign stricture" de- 
fined as an event. Malignant stricture and normal findings 
at endoscopy were not deemed events. The log-rank test 
was used to determine the significance of difference 
between event-free survival curves. 
Results 
Follow-up was 98.5% complete (2609 months of a 
possible total of 2648 months). Hospital mortality 
rate was 8.0% (n = 10). There were four anasto- 
motic leaks (3.2%), all of which were fatal. Anasto- 
motic leakage was not associated with any particular 
type of stapler. 
We have used three designs of stapler since 
1988; EEA, ILP (Ethicon Ltd.), and CDH. The 
latter two are both marketed as intraluminal 
staplers. Table I lists the staplers with their rela- 
tive stricture rates (calculated after excluding 
in-hospital deaths). 
Stapler diameter. Postoperative strictures were 
most common in smaller anastomoses, particularly 
those made with 21 mm staplers. Stricture rate for 
all 21 mm staplers was 50% (4/8), compared with 
5.9% (2/34) for all 28 and 29 mm staplers. Compar- 
ison of stricture-free survival curves (Fig. 1) con- 
firms this as a significant difference (p < 0.005). Fig. 
2 illustrates the differences in dilatation-free survival 
between ILP21, ILP25, and ILP29 groups. 
Stapler design. To isolate stapler design as a 
factor, we compared different designs of 25 mm 
stapler. There were fewer strictures in anastomoses 
made with the CDH device (3/21, 14.3%) compared 
with the ILP (11/41, 26.8%) and EEA devices (2/7, 
28.6%). Stricture-free survival curves for CDH25 
and ILP25 groups are shown in Fig. 3. Although at 
initial follow-up there appeared to be fewer stric- 
tures in the CDH group, longer follow-up and 
event-free survival curves indicate that this differ- 
ence is not significant. 
Other risk factors for development of strietures. 
There were no significant differences between 
patients with and without stricture in terms of 
histologic characteristics, level of anastomosis, 
insertion of extra anastomotic sutures, or adjuvant 
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Fig. 3. Kaplan-Meier event-free survival curves for patients with anastomoses made with two 25 mm 
staplers of different design (ILP and CDH). The table shows the numbers of patients in each group at 
follow-up. 
or neoadjuvant radiotherapy or chemotherapy 
(Table II). The level of anastomosis did not differ 
significantly between stapler groups. 
Pattern of dilatation. Dysphagia occurred in 27 
patients (23.7%, n = 114) during follow-up. Three 
of these patients did not have any stricture. Four 
had malignant anastomotic strictures, two of which 
arose de novo; the other two patients had previ- 
ously undergone dilatation of benign strictures three 
times each. Median time to presentation of anasto- 
motic stricture was 212.5 days (interquartile range 
91 to 444 days, fange 32 to 1280 days). Only four 
patients (35%) required more than three dilata- 
tions. Ope[ative treatment of benign anastomotic 
stricture was not necessary in any case. 
Discussion 
Have improvements in stapler design reduced the 
incidence 0f benign anastomotic stricture? We at- 
tempted to answer this question by comparing the 
different designs of 25 mm stapler. Although anas- 
tomoses made with the newer design (CDH) were 
associated with a lower percentage of strictures, 
event-free *ur«ival curves revealed no true differ- 
ence in stricture formation. 
Table II. The prevalence of risk factors not related 
to stapler choice in patients with and without 
stricture (all staplers) 
Stricture-free group Stricture group 
(n = 94) (n = 20) 
Adenocarcinoma 60 11 
Squamous carcinoma 32 9 
Anaplastic arcinoma 2 0 
Above/below arch ratio 38:56 13:7 
Extra anastomotic sutures 9 2 
Neoadjuvant radiotherapy 8 3 
or chemotherapy 
Adjuvant radiotherapy 9 0 
or chemotherapy 
What differences between the CDH and ILP 
staplers have been claimed might make a potential 
difference in stricture rate? The CDH anastomosis 
is made with titanium staples, whereas the ILP 
anastomosis is made with stainless-steel staples. 
Because it is a more inert metal, titanium may cause 
less tissue reaction and fibrosis. Access for tying the 
purse-string suture has been improved by introduc- 
ing a detachable head and anvil shaft in the CDH 
stapler, and the body of the instrument is curved to 
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improve approximation of stomach and esophagus 
without tension. To ease withdrawal of the spent 
CDH cartridge, the stapler drivers automatically 
retract into the eartridge housing and the stapler 
head is beveled. The knob for setting the staple 
gap has been made more sensitive, and the flag 
indicator (set at 2.0 mm on the ILP) has been 
updated to a continuous "green" fange covering 
1.0 to 2.5 mm. This allows the surgeon to feel the 
force being used to clamp esophagus and stomach 
together, and allows tightening of the staples 
much as the surgeon would tighten a suture. The 
degree of tightening iswell recognized as a critical 
point of technique. 7 
Anastomoses made with the ILP25 and EEA25 
instruments have already been shown to be associ- 
ated with similar stricture rates. », 7, s This suggests 
that differences in the diameter of anastomotic 
lumen (16.4 mm for ILP25 and 15 mm for EEA25), 
the thickness of anastomotic lip (1.77 mm for ILP25 
and 2.02 mm for EEA25), and the number of staples 
per anastomosis (20 for ILP25 and 22 for EEA25) 
are not important as design features aimed at pre- 
venting anastomotic strictures. 
We believe that it is important o inspect the 
anastomosis from within its lumen if leakage is to be 
avoided. We have shown that placement of addi- 
tional sutures, which was necessary in 11 of 125 
anastomoses, does not increase stricture formation. 
Indeed, competence of an anastomosis must never 
be jeopardized out of fear of causing a stricture. 
Further reduction in anastomotic lip size in future 
stapler designs, in particular, could lead to an in- 
creased risk of anastomotic leakage. In common 
with others, 7-9 we found no differences between 
ILP25 and EEA25 anastomosis leakage rat s. Anas- 
tomotic leakage rate was 3.2% in this series, remark- 
ably consistent with rates in other series. 1' 4, s, 8, 9 
The most important predictor of anastomotic 
stricture formation is the diameter of the anasto- 
motic lumen. We demonstrated a highly significant 
differences in stricture-free survival with small and 
large staplers and a reduction in stricture rate with 
each successively arger size of ILP device. Staplers 
with smaller diameters have been associated with 
46 higher stricture rates in previous publications, - but 
none of these studies howed significant differences 
in stricture-free survival. Strictures probably de- 
velop more frequently at smaller anastomoses be- 
cause proliferation of granulation tissue narrows an 
already small umen to a critical diameter associated 
with dysphagia. 4 
Significant postoperative dysphagia fter esoph- 
agectomy occurs in about 20% of patients. 6 It is a 
good predictor of anastomotic stricture, which was 
found in 88% of patients who underwent endoscopy 
for dysphagia. Two patients with anastomotic recur- 
rence had already undergone three dilatations for 
apparently benign stricture, so repeated biopsy of 
apparently benign strictures is important. 
Treatment of anastomotic stricture by dilatation 
maintained satisfactory swallowing in all the patients 
in this series. Anastomotic stricture remains a com- 
plication particularly associated with the stapled 
anastomoses 25 mm or less in diameter. Improve- 
ments in stapler design do not appear to have had 
rauch impact on this complication. Nevertheless, 
anastomotic stricture is a nuisance, rather than a 
life-threatening complication of esophagectomy. 
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